IMPORTANCE Apart from hysterectomy, there is no consensus recommendation for reducing endometrial cancer risk for women with a mismatch repair gene mutation (Lynch syndrome).
There was no statistically significant association between endometrial cancer and age at first and last live birth, age at menopause, and postmenopausal hormone use. 9, 10 Studies in the general population have shown that factors that increase the bioavailability of estrogen unopposed by progesterone, including obesity, 11 early age at menarche, late age at menopause, nulliparity, and use of estrogen-only menopausal hormone therapy, increase endometrial cancer risk. 12, 13 On the other hand, hormonal contraceptive use, higher number of pregnancies, and later age at first and last live birth have been shown to reduce endometrial cancer risk. 12, 13 For Lynch syndrome, the association between female hormonal factors and endometrial cancer risk is not clear. Results from a multicenter randomized trial that studied the influence of oral contraceptive and medroxyprogesterone acetate on endometrial proliferation in 51 women with Lynch syndrome suggested that, similar to that in the general population, short-term exposure to exogenous progesterone reduced endometrial epithelial proliferation in this group of women. 14 In the present study, we estimated the associations between endometrial cancer risk and hormonal factors for women with an MMR gene mutation.
Methods

Study Sample
This was a retrospective cohort study that included women with a heterozygous germline pathogenic mutation in an MMR gene who had been recruited by the Colon Cancer Family Registry. Study design and recruitment strategy have been published in detail and are available at http://coloncfr.org. 15 Probands were those who had either recently received a diagnosis of colorectal cancer that was reported to state or regional population cancer registries in the United States (Washington, Minnesota, California, Arizona, Colorado, New Hampshire, North Carolina, and Hawaii), Australia (Victoria), and Canada (Ontario) or were from multiple-case families referred to family-cancer clinics in the United States (Mayo Clinic, Rochester, Minnesota; and Cleveland Clinic, Cleveland, Ohio), Canada (Ontario), Australia (Melbourne, Adelaide, Perth, Brisbane, and Sydney), and New Zealand (Auckland). Individuals were recruited and interviewed between 1997 and 2012 and were asked for permission to contact their relatives and seek their enrollment in the Colon Cancer Family Registry. For population-based families, firstdegree relatives of probands were recruited at all centers, and at some centers, recruitment was extended to more distant relatives. For clinic-based families, recruitment was attempted up to second-degree relatives of affected individuals (details are provided by Newcomb et al 15 ). Participants were followed up approximately every 5 years after baseline to update this information. For this study, 2011 was the last date of outcome assessment and censoring. Informed consent was obtained from all study participants, and the study protocol was approved at each involved center by the institutional research ethics review board.
Data Collection
At recruitment (baseline), information on demographics, personal characteristics, personal and family history of cancer, and history of cancer screening and any surgery including gynecologic surgery was obtained with standardized questionnaires via personal interviews, telephone interviews, or mailed questionnaires from all participants. The questionnaires used at each Colon Cancer Family Registry center are available at http://coloncfr.org/questionnaires. When possible, reported cancer diagnoses and age at diagnosis were confirmed with pathology review and reports, medical records, cancer registry reports, or death certificates. We attempted to obtain blood samples from all participants and tumor tissue samples from all participants affected with colorectal cancer.
MMR Gene Mutation Testing
Testing for germline mutations in MLH1, MSH2, MSH6, and PMS2 was performed for all population-based probands who had a colorectal tumor displaying evidence of impaired MMR function, as evidenced by tumor microsatellite instability or lack of MMR-protein expression in immunohistochemical analysis. Testing was undertaken for the youngest-onset colorectal cancer participant from each clinic-based family regardless of microsatellite instability or MMR-protein expression status. Mutation testing for the MLH1, MSH2, and MSH6 genes was performed by Sanger sequencing or denaturing high-performance liquid chromatography, followed by confirmatory DNA sequencing. Large duplication and deletion mutations were detected by multiplex ligation-dependent probe amplification according to the manufacturer's instructions (MRC Holland). 15 -17 PMS2 mutation testing involved a modified protocol from Senter et al 8 in which exons 1 through 5, 9, and 11 through 15 were amplified in 3 long-range polymerase chain reactions, followed by nested exon-specific polymerase chain reaction and sequencing, with the remaining exons (6, 7, 8, and 10) being amplified and sequenced directly from genomic DNA. Large-scale deletions in PMS2 were detected with the P008-A1 multiplex ligation-dependent probe amplification kit (MRC Holland). Relatives of probands with a pathogenic MMR germline mutation 18 who provided a blood sample underwent testing for the specific mutation identified in the proband.
Statistical Analysis
Cox proportional regression models with age as the time scale were used to estimate any association between female hormonal factors (see Box for definitions) and endometrial cancer risk. Time at risk started at birth and ended at age of endometrial cancer diagnosis, any other cancer diagnosis, hysterectomy, or interview, whichever occurred first. We censored at age of diagnosis of any primary cancer because resultant treatment and surveillance might have altered endometrial cancer risk. In addition, carriers might have changed their behavior after the diagnosis of cancer. Because a proportion of women in this study was ascertained from multiple-case cancer families and cases were tested preferentially for MMR gene mutations, selection of women was not random with respect to disease status. To take this nonrandom ascertainment of cases into account, we applied probability weights to women according to the approach described by Antoniou et al. 19 Age-specific incidences of endometrial cancer for women were calculated by multiplying the country-and age-specific population incidences by the hazard ratio of endometrial cancer for women with a specific MMR gene mutation. The proportional hazards assumption was tested with the Schoenfeld and scaled Schoenfeld residuals. 21 Bivariable and multivariable models were fit separately for each hormonal factor. The variables that we considered potential confounders are listed in Table 1 . The variables that did not meet the proportional hazards assumption were included as timedependent covariates in the model. Tests for interactions were assessed by a change in the log-likelihood ratio after the addition of a cross-product term between the exposure and potential effect modifiers identified a priori. The overall model fit was assessed with Cox-Snell residuals as the time variable, plotting them against the Nelson-Aalen cumulative hazard function.
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For multivariable models, missing data were handled with both complete case analysis and multiple imputation. Numbers of missing values for all the variables are reported in Table 1 and Table 2 . Assuming that missing was at random, missing data were imputed with chained equations. 23, 24 Variables included in the imputation model were outcome status, age at endometrial cancer diagnosis or censored age, year of birth, country, mutated gene, ascertainment method (clinic vs population), and whether the carrier was a proband. Fifty imputed data sets were created. When age variables (ie, age at menarche, age at first and last live birth, and age at menopause) were the primary exposures, we analyzed them as categorical variables, as well as continuous variables, in 2 different models. We used the median values as the cutoff points to categorize these variables.
We conducted the following additional analyses: analyses restricted to women who received a diagnosis of endometrial cancer or whose data were censored within 5 years before interview to reduce survival bias; analyses restricted to women with verified endometrial cancer diagnosis and unaffected women; analyses for women ascertained through clinic-based and population-based resources, and for the 4 mutated MMR genes; and analyses in which we did not censor data for women at age of first diagnosis of any other cancer.
To account for potential correlation of risk between family members, the Huber-White robust variance correction was used by clustering on family membership. 25, 26 All statistical
Box. Definitions of Outcome and Exposures
All the definitions were decided before analysis of the data.
Primary Outcome: Self-reported diagnosis of endometrial cancer
Primary Exposures: Self-reported endogenous and exogenous hormonal factors
Age at menarche was defined as age at first menstrual cycle.
Number of live births was defined as the number of pregnancies that resulted in a live birth. Given that the questionnaires did not elicit age at each birth, we defined number of live births according to self-reported number of live births, age at first and last live birth, and censored age. Women with age at first live birth younger than censored age were categorized as parous, and those with age at first live birth older than censored age were categorized as nulliparous.
Ever use of hormonal contraceptive was defined as use of oral contraceptives or other hormonal contraceptives (implants or injections) for at least 1 year. In accordance with the reported age at first use and number of years of hormonal contraception use, and assuming that the use had been continuous, age at last use of hormonal contraception was calculated. When this age was older than censored age, years of hormonal contraception use was calculated according to censored age and age at first use.
Age at menopause was defined as age when menstrual cycles had stopped for at least 12 months. Natural menopause was defined as self-reported cessation of menstrual cycles for at least 12 months. Induced menopause was defined as cessation of menstrual cycles for at least 12 months because of gynecologic surgery, radiation or chemotherapy, or other reasons.
Women with unknown menopausal status were assumed to have had natural menopause if they were aged 60 years or older at censoring. For this group of women, age at menopause was considered to be 56 years, which was the oldest age at natural menopause reported in this cohort.
Ever use of postmenopausal hormones was use of a pill or patch for at least 1 year. Estrogen-only use was defined as having used estrogen-only pills or patches for at least 1 year. Estrogen and progesterone combination was defined as having used progesterone along with estrogen for at least 1 year. In accordance with the reported age at first use and number of years of postmenopausal hormone use, and assuming that the use had been continuous, age at last use of postmenopausal hormone was calculated. When this age was older than the censored age, years of postmenopausal hormone use were calculated according to censored age and age at first use. 
Results
We identified 1133 women with an MMR gene mutation from the Colon Cancer Family Registry. Of these, 5 (0.4%) who were younger than 18 years were excluded. The final sample included 1128 women from 548 independent families, contributing a total of 45 831 person-years. Of these women, 424 carried a mutation in MLH1, 532 in MSH2, 117 in MSH6, and 55 in PMS2. Time at risk ended at age at endometrial cancer diagnosis for 133 women, any other cancer diagnosis for 417, hysterectomy for 229, and interview for 349. In this cohort, endometrial cancer incidence rate was 0.29 per 100 personyears (95% CI, 0.24-0.34), with a mean (SD) age at diagnosis of 45.9 years (8.2). We were able to confirm endometrial cancer diagnosis for 101 women (76%) by pathology review or report, cancer registries, or hospital record. Characteristics of women included in this study are summarized in Table 1 and Table 2 .
The results of Cox regression models and adjusted variables in each model are summarized in Table 3 and Table 4 . There was a statistically significant association between later age at menarche and a lower risk of endometrial cancer (endometrial cancer incidence rate per 100 person-years for women with age at menarche ≥13 vs <13 years: 0.27 vs 0.31; rate difference, −0.04 [95% CI, −0.15 to 0.05]; hazard ratio per year, 0.85 [95% CI, 0.73 to 0.99]; P = .04). There was also an inverse association between endometrial cancer risk and parity (incidence rate per 100 person-years for parous vs Abbreviation: HR, hazard ratio. a All multivariable models were adjusted for country (categorical), education (categorical), and ascertainment (binary). b Additionally adjusted for years of hormonal contraceptive use (categorical) and age at menopause (categorical) in both multivariable models.
c Limited to parous women and additionally adjusted for number of live births (categorical) and age at menopause (categorical) in both multivariable models. d Limited to women with natural menopause and additionally adjusted for age at menarche (categorical), number of live births (categorical), and years of hormonal contraceptive use (categorical) in both multivariable models. a The numbers of women for each of the 2 time periods do not sum to the overall number for use Ն1 year because 41 women (3 with endometrial cancer) had responded yes to the question "Have you ever used birth control pills or other hormonal contraceptives for at least 1 year?" but had not reported the duration of hormonal contraceptive intake. postmenopausal hormone use and endometrial cancer risk (P = .57), even after stratifying the type of postmenopausal hormone (estrogen only or estrogen and progestin combination) ( Table 4) . Because of the small number of women (1%) who reported use of antiestrogen drugs (including tamoxifen and raloxifene), we were unable to investigate associations between these drugs and endometrial cancer risk. There was no statistically significant evidence that cigarette smoking status, body mass index (BMI) at age 20 years, country of residence, specific MMR gene mutation, and ascertainment method modified any of the observed associations (eTable 1 in the Supplement).
Hormonal Factors and Endometrial Cancer in Lynch Syndrome
In an analysis restricted to women who received a diagnosis of endometrial cancer or whose data were censored within 5 years before interview, we found results similar to those of the main analysis (eTable 2 in the Supplement). In sensitivity analyses restricted to women with verified endometrial cancer diagnosis and unaffected women, results were similar to those of the main analysis. Although the statistical power was poor, the patterns of associations remained the same in analyses stratified by ascertainment (clinic and population based) and by mutated gene (MLH1, MLH2, MSH6, and PMS2) (eTables 3-6 in the Supplement). We also observed similar results in analyses that did not censor data for women at their age of first diagnosis of any other cancer (eTable 7 in the Supplement). When we additionally adjusted for recent BMI in the multiple imputation analyses, the results were similar to those of the main analyses (eTable 8 in the Supplement).
There was no evidence that main exposure variables violated the proportional hazards assumption in any of the final models. The directions and strengths of associations were similar in both unweighted and weighted cohort analyses, although the standard errors of the estimates were increased in weighted analyses.
Discussion
In this study, an inverse association was observed between the risk of endometrial cancer for women with an MMR gene mutation and later age of menarche, increased parity, and use of hormonal contraceptives. The directions of the observed associations are similar to those that have been reported for the general population, suggesting a possible protective effect of these factors. 12, 13, [27] [28] [29] [30] [31] Unlike observations for women from the general population, 12, 13, 32, 33 there was no statistically significant association between age at menopause and endometrial cancer risk in Lynch syndrome. Approximately 80% of women in our cohort were premenopausal and age at menopause was unknown for approximately 22% of postmenopausal women. Similarly, we did not observe a statistically significant association between endometrial cancer risk and age at first and last live birth in Lynch syndrome, which is in accordance with some 13, 34 but not all studies 34, 35 conducted in the general population. 36 The lack of an observed association between endometrial cancer risk and postmenopausal hormone use in this study could be attributed to lack of statistical power (only 2.8% Abbreviation: HR, hazard ratio. a All multivariable models were adjusted for country (categorical), education (categorical), and ascertainment (binary). b Additionally adjusted for years of hormonal contraceptive use (categorical) and age at menopause (categorical) in both multivariable models. c Additionally adjusted for age at menarche (categorical), age at menopause (categorical), and number of live births (categorical) in both multivariable models.
d The number of women with endometrial cancer and the total number of women reported for each of the 2 periods do not sum to the overall number for use Ն1 year because 41 women (3 with endometrial cancer) had responded yes to the question "Have you ever used birth control pills or other hormonal contraceptives for at least 1 year?" but had not reported the duration of hormonal contraceptive intake.
of women reported use of estrogen only and 4.3% reported use of combined estrogen and progesterone for at least 1 year). Additional unmeasured confounding or information bias could also account for this finding. Given that Lynch syndrome-associated cancers typically exhibit high levels of microsatellite instability or loss of MMR protein expression as measured by immunohistochemical staining, these tests have been widely used as screening methods for likely MMR germline mutation carriers. However, neither of these tests is diagnostic and germline testing is required to confirm mutation carrier status. An inverse association between endometrial proliferation and hormonal contraceptives in Lynch syndrome was also reported in a multicenter randomized trial. 14 In that study, 51 women with a known MMR gene mutation or a history of Lynch syndrome-associated cancer who met Amsterdam criteria were randomly assigned to receive either oral contraceptive pills or medroxyprogesterone acetate for 3 months and assessed for endometrial proliferation before and after treatment. A significant decrease in endometrial epithelial proliferation was observed posttreatment in both groups, suggesting that hormonal contraceptives may be useful chemopreventive agents in these women at high risk. Our results provide further evidence supporting the hypothesis that long-term exposure to hormonal contraceptives may significantly reduce the risk of endometrial cancer in Lynch syndrome.
To the best of our knowledge, this is the largest study to date investigating the association between endometrial cancer risk and hormonal factors in Lynch syndrome. To overcome bias in retrospective studies in which subjects are selected on the basis of disease, we used a weighted cohort approach, 19 which has been successfully used in studies of modifiers of cancer risk associated with rare genetic mutations. 10, 40, 41 Data for this study came from the Colon Cancer Family Registry, which used standardized and uniform materials for collection of epidemiology, family, and cancer data, as well as genetic testing. Our study had several limitations. There might be errors in measurements of exposure variables and other adjusted variables because they came from self-reported questionnaires. For individuals who received a diagnosis of endometrial cancer or whose data were censored at an age younger than their age at interview, years of hormonal contraception and postmenopausal hormone use were calculated according to self-reported age at first use and number of years of hormone use, assuming that use had been continuous. This method may have overestimated the years of hormone use for some carriers. However, this potential misclassification would more probably bias the results toward the null and would not account for the observed inverse association between endometrial cancer risk and years of hormonal contraceptive use. Recall of all exposure may have been affected by disease status in our cohort because women received a diagnosis of endometrial cancer before interview. To determine whether survival bias influenced the observed associations, we conducted a sensitivity analysis restricted to women who received a diagnosis of endometrial cancer or whose data were censored within 5 years before interview; we observed findings similar to those of the main analysis. Another potential limitation of our study is the lack of a valid measure of recent BMI for 52% of all women. BMI is a strong and consistent risk factor for endometrial cancer and has been reported to be a confounder for the association between endometrial cancer risk and hormonal factors for the general population. 11, 42 However, there is some evidence that recent BMI is not associated with endometrial cancer in Lynch syndrome. [43] [44] [45] [46] In our complete case analysis, BMI at age 20 years was available and did not confound or modify the association between endometrial cancer risk and any hormonal factors. Furthermore, imputed recent BMI did not confound any of those associations.
Conclusions
For women with an MMR gene mutation, some endogenous and exogenous hormonal factors were associated with a lower risk of endometrial cancer. These directions and strengths of associations were similar to those for the general population. If replicated, these findings suggest that women with an MMR gene mutation may be counseled like the general population in regard to hormonal influences on endometrial cancer risk.
